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Sodium borohydride in methanol smoothly reduces the esters of a-amino acids having N-a~yl (or-
thioacyl)-N-alkyl (-NRCOR' or -NRCSR') substituents, producing amino alcohol derivatives. Esters with
a-NHCOR or-CONRR' functionality however remain unaffected. Electron-withdrawing property of the
substituent appears to playa crucial role, anion formation with -NHCOR group perhaps diminishing its
effect.
Among the various metal hydride reducing agents,
sodium borohydride is easily distinguished due to
its comparative stability which permits easier op-
eration. It is also among the least reactive, though
this ensures a greater degree of selectivity. For a
long time, it has been known that the spectrum of
reactivity can be enlarged either by suitably modi-
fying the reaction parameters or through introduc-
tion of certain structural features. Thus, esters
which normally remain unaffected by the reagent,
can be reduced in refluxing r-butanol in the pres-
ence of methanol.' With substrates carrying a-
hydroxy or oxo substituent, or suitable electron-
withdrawing group in the alcoholic part, reduction
may be carried out even under normal conditions.
We now wish to report that appropriately derivat-
ized a-amino acid esters can also be smoothly re-
duced with the reagent, to afford amino alcohols in
high yields.
We sought to use the reagent (in acetic acid me-
dium) to reduce the enamine double bond of the 2-
oxo-pyrroline la.2 Surprisingly, the carbomethoxy
group underwent reduction in addition to the en-
amine moiety yielding 38. In an effort to introduce
selectivity, the reduction was carried out in metha-
nol at ca. O°C, which resulted in preferential reduc-
tion of the ester' yielding 2a. Thereafter, we pre-
pared several 2-oxo-pyrrolines Ib-e (Scheme I) in
order to establish the structural features responsible
for this unanticipated reaction. When these were
subjected to reduction, the products 2b-e were ob-
tained in good yields. Compound 3 having a lac-
tone moiety also proved reactive, producing 4.
Since the literature reports indicate that the pres-
ence of electron-withdrawing groups like hydroxy
at the a-position to the ester facilitates the reduc-
tion, the N-acyl group (or the acyloxy substituent in
3) appeared to be responsible in this case. However.
to eliminate the rate of the enamine moiety, com-
pounds 5-7 and 11 were prepared (Scheme II). Ex-
cept 11, the other compounds underwent reduction
with the reagent, furnishing the corresponding al-
cohols 8, 9 and 10. This ruled out the contribution
of the enamine for the reduction. Further support
was provided by the successful reduction of 13a
(amide) to 14 (Scbeme 111). However, no reduction
took place when the amide was secondary (20) or
when the a-substituent was amino (11 or 13b).
We next turned our attention to test the suitabil-
ity of the reduction on simpler N-alkyl-N-acyl
amino acid esters. Thus, compounds 13a, 18 and
21 (Scbeme III) were treated with NaBH4 in
methanol and were observed to be smoothly re-
duced to the corresponding alcohols 14, 19 and 22.
Since the cc-amido substituent appeared to activate
the ester sufficiently for the reduction, compound
24 (prepared from 23) was expected to be reduced
even faster; in actual practice the reduction was
completely prevented, conceivably due to the pref-
erential attack on the imide ring that afforded the
alcohol 26 (Scheme IV). Not unexpectedly, the
compounds 25 and 26 failed to be reduced,
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whereas 27 and 28 having N-alkyl substituent af-
forded the alcohols 29 and 30 respectively. It is
also interesting to note that changing the substitu-
ent to CONRR' as in 29 and 314 failed to activate
the ester for reduction.
We also extended the study to include few thio-
lactam derivatives. The compounds 33 and 39
(Scheme V) were therefore synthesized and sub-
jected to reduction with sodium borohydride.
While 39 was reduced to 40 albeit at a slower rate,
only a purple-coloured solution resulted on reduc-
tion of33 from which no identifiable product could
be isolated. Attempted thiolation of 2a to isolate
the putative product 34 also proved futile. In an
effort to synthesize 34 through a different route,
acetylation of the hydroxyl group of 2a followed
by thiolactamization afforded the compound 36;
however, attempted deacetylation again failed to
produce 34 furnishing instead a purple-co loured
solution as before. Reduction could be effected
when there was no enamine double bond, leading
to 40; apparently the presence of unsaturation
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seems to affect the stability of the compound 34,
though no structural conclusion could be made.
It is apparent from our results that the presence
of an N-alkyl-N-acyl (or thioacyl) functionality at
a-position ensures reduction though the reaction
was somewhat sluggish with an N-thioacyl deriva-
tive (viz. 6 vs 7 and 38 vs 39). As regards the reac-
tion conditions, it was observed that the reduction
did not occur in aprotic solvents like ether, tetrahy-
drofuran, diglyme or DMSO at rt, or in the case of
diglyme or DMSO, heating over steam-bath. On
addition of small amounts of methanol, however,
reaction did take place slowly in other solvents but
smoothly in DMSO. Reduction also occurred in
ethylene glycol (smoothly) or acetic acid (slowly)
in the absence of methanol. From the foregoing
findings it can be concluded that an alkoxy (or
acyloxy) borohydride is the reducing species, as-
sisted by the electron-withdrawing capacity of N-
acyl substituent. Anion formation in a-NHCOR
substituents (in 20~ 25 and 26) perhaps attenuates
its electron-withdrawing power. Reduced electron-
withdrawal also appears to explain the failure of a-
CONRR' groups to activate the ester.
The above results show that with proper elec-
tron-withdrawing groups at a-position, esters be-
come vulnerable to sodium borohydride. Applied
to amino acid derivatives, it offers scopes for the
synthesis of chiral amino-alcohols. The possibility
of using other e-substituents for this purpose needs
to be explored.
Experimental Section
General. Melting points were taken in open
capillaries and are uncorrected. IR spectra were
recorded in KBr on a Perkin-Elmer 177 or a
lASCO 700 spectrophotometer (vmax in ern"), IH
NMR spectra in CDCh (unless otherwise men-
tioned) on a Jeol FX-IOO FT NMR spectrometer
using TMS as internal standard (chemical shift in
8; Nl¥l), and the mass spectra (El) on a Hitachi
RMU-6L or a lEOL AX-500 instrument at 70 eV.
Typical procedure: Conversion of methyl 3-
(4-chloroanilino) - 1 - (4-chlorophenyl) - 5-
methyl-2-oxo-3-pyrroline-5-carboxylate 2a to 3-
(4-chloroanilino) - 1 - (4-chlorophenyl) - 5 -
hydroxymehyl-5-methyl-3-pyrrolin-2-one 2b.
Sodium borohydride (330 mg, 10 mmoles) was
added portionwise to a solution of 2a (750 mg, 2
mmoles) in methanol (5 mL) at 0-5°C and stirred
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for 30 min. Water (10 mL) was added and the
mixture extracted with dichloromethane (3 x 15
mL). The dichloromethane extract wad dried
(Na2S04) and evaporated. The crude product was
recrystallized from chloroform-pet. ether to yield
2b (675 mg, 93%), m.p. 210-12°C; iR: 3400_1Q!l),
3300 ( NH ), ( NCO ), 1650 ( C=C ):IH NMR
(DMSO-d6): 1.21 (s, 3H), -3-.20-3.68(m), 5.00 (brt,
I H), 6.22 (s, 1 H), 7.24-7.72 (m, 8 H), 8.16 (s, IH);
MS: mlz 366, 364, 362 (M+); 333,331. Anal. Calcd
for CIsHI6ChN202 : C, 59.52; H, 4.44; N, 7.71.
round: C, 59.63; H, 4.50;N, 7.48%.
3-Anilino-5-hyd roxymethyl-5-methyl-l-phen-
yl-3-pyrrolin-2-one 2a: Yield 96%, m.p. 180-
82°C; IR : 3405 (OH), 3300 (NH), 1680 (NCO),
1645 (C=C); IH NMR (DMSO-d6) : 1.20 (s, 3H),
3.24-3.48 (m), 4.29 (t, IH, J=6 Hz), 6.18(s, IH),
7.83(s, IH), 6.89-7.64(m, 1 OH); MS m/z : 294
(M+, 100%). Anal. Calcd for CisHISN202 : C,




Yield 92%, m.p. 205-06°C; IR: 3400 (OH), 3300
(NH), 1685 (NCO), 1645 (C=C); IH NMR
(DMSO-d6) • 1.20 (s, 3H), 2.24 and 2.36 (2xs, 3H
each), 3.20-3.68 (m), 4.92 (t, IH), 6.10 (s, IH),
7.00-7.44 (m, 8 H), 7.72 (brs, IH); MS: mlz 322
(M+, 5%), 291 (30), 132 (100). Anal. Calcd for
C2oH22N202:C, 74.51; H, 6.88; N, 8.69. Found: C,
74.54; H, 6.89; N, 8.43%.
3-( 4-Acetamido anilino )-1-( 4-acetamido phen-
yl)-5-hydroxymethyl-5-methyl-3-pyrrolin-2-one
2d: Yield 90%, m.p. >270°C, IR : 3400 (OH),
3240(NH), 1695 (NHCO), 1645 (NCO); IH NMR
(DMSO-d6): 1.20 (s, 3H), 2.02 and 2.08 (2xs, 3H
each), 4.92 (brs, 1 H), 6.12 (s, 1H), 6.48-6.96 (m, 8
H), 9.80 and 10.08 (2xs, 1 H each); MS : m/z 408
(M+, 50%), 377 (100), Anal. Calcd. For
C22H24N404: C, 64.69; H, 5.92; N, 13.70. Found:
C, 64.65; H, 5.94; N, 13.28.
1-Benzyl-3- benzy!amino-5-hyd roxymethyl-5-
methyl-3-pyrrolin-2-one 2e: Yield 89%, gum, IR :
3500-3200 (OH), 1650 (NCO); IH NMR 1.12 (s,
3H), 3.40 (m, 2H), 4.24 (brs, 1H), 4.56 (m), 5.06
(s, 1H), 7.32 (m, 10H); MS: m/z 322 (M+, 12%),
291 (100).
3-Benzylamino-2,5-dihydro-5-hydroxymethyl-
5-methyl furan-2-one 4: Yield 83%, gum; IR:
3500-3280 (NH, OH), 1765 (CO); IH NMR : 1.42
(s, 3H), 2.00 (brs, 1H), 3.50 (d, 1H, J=12 Hz), 3.69
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(d, IH, J=12 Hz), 4.22 (m), 4.50 (brs), 5.42 (s, IH),
7.32 (s, 5H).
Methyl 2,3-dioxo-5-methyl-l-phenyl pyrroli-
dine-5-carboxylate 5. Compound la (500 mg) in
cone. HCl (5 ml) was heated on a waterbath for 2
min, kept at 4°C for 30 min and the precipitated
product 5 was filtered, washed, with water and
dried, yield 72%, m.p. 205-06°C; IR : 1770 (CO),
1735 (CO», 1710 (NCO); MS: m/z 247 (M+, 16%).
188 (100),118(91).
Methyl 3, 3-(ethylenedioxy)-5-methyl-2-oxo-l-
phenylpyrrolidine-5-carboxylate 6. Ethylene gly-
col (3 mL) and p-toluenesulphonic acid (~10 mg)
were added to the compound 5 (500 mg) in 50 mL
dry benzene and the solution was heated at reflux
using a Dean-Stark apparatus to separate water
from the reaction mixture. After 5 hr, the solvent
was removed, the residue extracted with CHCh,
the extract dried (Na2S04) and evaporated to give
the crude mixture which was purified by column
chromatography to afford 6 (65%), m.p. 130-32°C;
IR: 1730 (CO), 1695 (NCO); IH NMR : 1.56 (s,
3H), 2.38 (d, IH, J=14 Hz), 2.78(d, IH, J=14 Hz)
3.78(s, 3H), 4.00-4.68 (m, 4H), 7.16-7.68 (m, 5H);
MS: m/z 291 (M+, 80%), 248 (l00), 232 (72), 204
(93).
Methyl 3,3-( ethylenedioxy)-5-methyl-l-phen-
yl-2-thiopyrrolidine-5-carboxylate 7. A mixture
of Lawesson's reagent (I mmole), compound 6 (0.8
mmole) and acetonitrile (l0 mL) was heated at re-
flux for 3 hr. The solvent was evaporated, and the
crude product extracted with CHCh. The solvent
was washed with water, dried (Na2S04) and evapo-
rated. The product was purified by column chro-
matography eluting with Cl-lClj-pet. ether (1 :3),
yielding of 7 (86%), m.p. 150°C; IR: 1745 (CO),
1455 (NCS); IH NMR : 1.57 (s, 3H), 4.00-4.84 (m,
4H), 7.20-7.64 (m, 5H); MS : rn/z 307 (M+, 100%).
3-Hyd roxy-5-hyd roxymethyl-5-methyl-l-phe-
nylpyrrolidin-2-one 8 (mixture of diastereo-
isomers): Yield 91%, m.p. 138-40°C; IR : 3500-
3200 (OH), 1665 (NCO); IH NMR : 1.08 and 1.12
(2xs), 1.76-2.40 (m), 2.64 (d), 2.76 (d), 3.36 (brs),
4.44 (brt), 4.80 (t, J=8 Hz), 7.00-7.76 (m); MS: m/z
221 (M+, 2%), 190(100), 162(80), 134(50), 118
(80).
3,3 - (Ethylenedioxy)-5-hydroxymethyl-5-me-
thyl-l-phenylpyrrolidin-2-one 9; Yield 97%, m.p.
121-22°C; IR: 3400 (OH), 1670 (NCO); IH NMR:
1.24(s, 3H), 2.24(d, IH, J=14 Hz), 2.60 (d, IH,
J=14 Hz), 3.49 (brs, 2H), 4.00-4.68 (m, 4H), 7.12-
7.80 (m, 5H); MS: m/z 264(M+, 2%), 233 (l00),
232 (20), 203 (60).
N-Benzoyl-5-hydroxymethylpyrrolidine (I 4):
Yield 87%, oil; IR : 3600-3050 (OH), 1610 (NCO);
IH NMR : 1.52-2.10 (m), 3.40-4.00 (m), 4.44 (m,
IH), 4.96 (m, IH), 7.34(m, 5H).
Methyl N-butyl phenylalaninate 16 and N-
butyl phenyl-alaninol 17. Benzaldehyde ( 1.1
mmoles) was added under N2 to the benzene (40
mL) solution of 15 (1 mmoles) and the mixture
heated at reflux with azeotropic removal of water
for 1 hr. The solvent was removed and the crude
product dissolved in dry MeOH (10 mL) and
NaB~ (l00 mg) was added portionwise to it. After
30 min. usual work-up afforded the compounds 16
and 17.
16: Yield 20%, oil; IR: 3330 (NH), 1735 (CO);
IH NMR : 0.86 (t, 3H), 1.36 (rn, 4H), 2.52 (m, 2H),
2.94 (d, IH), J=7 Hz), 3.64 (s. 3H). 7.19(m, 5H);
MS: m/z235 (M+), 176, 144,91.
17: Yield 64%, oil; IR: 3500-3240 (NH, OH);
IH NMR : 0.86 (t, 3H), 1.32 (m, 4H), 2.16 (brs),
2.44-3.00 (m, 5H), 3.46 (2xdd, 1H each, J=6, 10Hz
and J=4, 10Hz), 7.20 (m, 54); MS: m/z 207(M+),
176,116,91.
Methyl N-acetyl-N-butyl-phenylalaninate (18)
Compound 16 was acetylated with pyridine-acetic
anhydride mixture in the usual way; IH NMR :
0.84 (t, 3H), 2.02 (s, 3H), 1.26(m, 4H), 2.64(m,
IH), 3.06 (m, IH), 3.28 (d, IH), 3.36(s, IH), 3.70
(s, 3H), 4.14 (dd, 1H, J=6, 9 Hz), 7.24 (m, 5H)
7.18(m, 5H); MS: m/z 277 (M'), 218,186,91.
N-Acetyl-N-butyl phenylalaninol 19: Yield
94%, oil; IH NMR : 0.86 (t, 3H), 1.24 (m, 4H),
2.06 (s, 3H), 2.48-3.32 (m, 4H), 3.44-4.04 (m, 3H);
MS:m/z249(M+),218, 176, 158, 116,91.
Methyl N-benzoyl-N-benzyl alaninate 21. It
was prepared following the method described for
18. IH NMR : of 21 : 3.56-3.96 (m, 5H), 4.60 (d,
IH), 4.80 (d, IH), 7.36 (m, 10H).
N-Benzoyl-N-benzyl alaninol 22: IH NMR :
3.40-4.00 (m, 5H), 4.60 (2H, benzylic), 7.36 (m,
10H).
N-Phthaloylvaline 23. A mixture of phthalic
anhydride (7.2 g, 40 mmoles) and valine (4.7 g, 40
mmol) was heated at 100°C under vacuum for 1 hr,
cooled and the solid mass recrystallized from
CHCI3-MeOH mixture to furnish 23 in 78% yield,
IH NMR : 0.92 (d, 3H, J=6 Hz), 1.32 (d, 3H, J=6
Hz), 2.76 (dq, 1H, J=6, 8 Hz), 4.66 (d, 1H, J=8
Hz), 7.82 (m, 4H), 8.48 (brs, IH).
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Methyl phthalolyl valinate 24 and methyl N-
(2-methoxycarbonylbenzoyl)-valinate 25. The
acid 23 was esterified with SOChlMeOH to furnish
24 (62%) and 25 (15%).
24: Oil; IH NMR : 0.88 (d, 3H, J=6 Hz),
2.76(dq, IH, J=6, 8Hz), 3.72(s, 3H), 4.48(d, IH,
J=8Hz), 7.80 (m, 4H).
25: IH NMR : 1.02 (t-like, 6H, J=6.Hz), 2.28(m,
IH), 3.80 and 3.86 (2xs, 2x3H), 4.78(dd, IH, J=5,
8 Hz), 7.40-8.00 (m, 4H), 6.40 (brd, IH).
Methyl N-(2-hydroxymethylbenzoyl)-valinate
26: m.p. 125-26°C: IH NMR : 0.96 (d, 3H, J=6
Hz), 1.06 (d, 3H, J=6 Hz), 2.32 (m, 1H), 3.80(s,
3H), 4.64 (s, 2H), 4.80 (dd, IH, J=6, 9 Hz), 7.40-
7.80 (m, 4H); FABMS: mJz 266(M+Ht.
Methyl N-(2-methoxycarbonylbenzoyl)-N-
methyl valinate 27 and methyl N-(2-hydroxy-
methylbenzoyl)-N-methyl valinate 28. Com-
pounds 25 and 26 were converted to 27 and 28 re-
spectively with NaH and MeI (O°C and then at rt
for 3 hr) in ~75% yield.
27: IH NMR : 0.98 (t, 6H, J=6 Hz), 2.23 (m,
IH), 3.18 (s, 3H), 3.78 and 3.86 (2xs, 2x3H),
4.72(d, IH, J=8 Hz), 7.56(m, 4H); FABMS: rn/z
308 (M+Ht.
28: IR:3500 (OH), 1735 (CO), 1615 (CONMe);
IH NMR : 0.93 (d, 3H, J=6 Hz), 1.06 (d, 3H, J=6
Hz), 2.32 (m, IH), 3.20 (s, 3H), 3.80 (s, 3H), 4.62
(s, 3H), 4.70 (d, IH, J=9 Hz), 7.62 (m, 4H);
FABMS: mJz 280 (M+Ht.
N-( 2-Methoxycarbonylbenzoyl ) -N- methyl
valinol 29 and N-(2-hydroxymethylbenzoyl)-N-
methyl valianol 30
29: Yield 90%; IH NMR : 0.88 (d, 3H), 1.02 (d,
3H), 2.18 (m, IH), 3.08 (s, 3H),3.18 (m, IH), 3.68
(m, 2H), 3.80 (s, 3H), 7.52 (m, 4H); FABMS: m/z
252 (M+Ht.
30: Yield 88%; IR: 3600-3400 (OH), 1610
(CONMe); IH NMR : 0.86 (d, 3H), 1.03 (d, :H),
2.10(m, IH), 3.12 (s, 3H), 3.21 (m, IH), 3.70 (m,
2H), 4.23 (s, 2H), 7.53 (m, 4H); FABMS: mJz 280
(M+H)+.
Methyl 3-anilino-5-methyl-l-phenyl-2-thio-3-
pyrroline-5-carboxylate 33. Lawesson's reagent
(405 mg, 1.1 mmoles) was added to the compound
la (256 mg, 0.8 mmole) in dry acetonitrile (20 mL)
and the mixture heated at reflux for 4 hr. Usual
work-up followed by column chromatography af-
forded 33(46%), m.p. 158-59°C; IR: 3274 (NH),
1730 (CO), 1516 (NCS); IH NMR : 1.66 (s, 3H),
3.74 (s, 3H), 6.06 (s, IH), 6.88-7.80 (m, 11 H).
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5-Acetoxymethyl-3-anilino-5-methyl-l-phen-
yJ-3-pyrroJin-2-one 35. Compound 2a (300 mg)
was treated with pyridine (4 mL) and AC20 (2 mL)
and the mixture kept at rt for l Ohr, The solvent was
evaporated and the crude mixture purified by col-
umn chromatography to afford 35 (90%), m.p. 149-
51°C; IR: 3480 (OH), 3298 (NH), 1746 (CO), 1688
(NCO); IH NMR : 1.40 (s, 3H), 2.00 (s, 3H), 3.86
(d, IH, J=12 Hz), 4.50 (d, IH, J=12 Hz), 5.92 (s,
IH), 6.64 (brs, IH), 6.92-7.64 (m, 10 H).
5-Acetoxymethyl-3-anilino-5-methyl-l-phen-
yl-3-pyrroline-2-thione 36. The compound was
prepared following the procedure as described for
33.
36: Yield 61%, m.p. 162-63°C; IR: 3304 (NH),
1741 (CP), 1637 (C=C), 1493 (NCS); IH NMR :
1.44 (s'/3H), 2.00 (s, 3H), 3.88 (d, IH, J=12 Hz),
4.58 (d, IH, J=12 Hz), 5.98 (s, IH), 6.88-7.68 (m,
11 H).
Methyl 3-anilino-5-methyl-2-oxo-l-phenyl pyr-
rolidine-5-carboxylate 37. To compound la (600
mg) in glacial HOAc (5 mL) at 10°C was added
NaCNBH3, (l00 mg) portionwise and stirred for 2
hr. The solvent was removed, and the crude residue
extracted with CHCh, dried (Na2S04) and evapo-
rated to furnish 37 (88%), m.p. 178-79°C, IR: 3320
(NH), 1730 (CO), 1645 (NCO); MS: mJz 324 (M+,
100),295 (43).
3-Anilino-5-hydroxymethyl-5-methyl-l-phenyl
pyrrolidin-2-one 38: Yield 92%, m.p. 169-70°C;
IR: 3500-3200 (NH, OH), 1665 (NCO); IH NMR :
(DMSO-d6) : 1.20 (s, 3H), 3.24-3.48 (m), 4.92 (t,
IH, J=6 Hz), 6.18(s, IH), 7.83 (s, IH), 6.89-7.64(m,
10H); FABMS: mJz 297 (M+Ht.
Methyl 3-anilino-5-methyl-l-phenyl-2-thio-
pyrrolidine-5-carboxylate 39. The thiolactam 39
was prepared from the corresponding lactam 37 us-
ing the method described in the preparation of 7,
yield (53%), m.p. 196-97°C, IR: 3320 (NH), 1730
(CO), 1455 (NCS); IH NMR : 1.24 (s, 3I-n, 2.15
(dd, IH, .1=9.12 Hz), 2.98 (dd, IH, J=8, 12 Hz), 3.78
(s, 3H), 4.58 (t, IH, J=8 Hz), 6.02 (brs, IH);7.23(m,
10H); MS: mJz 340 (~ 100%).
3-Anilino -5- hydroxymethyl-5-methyl-l-phe-
nylpyrrolidine-2-thione 40: Yield 92%, m.p. 201-
03°C, IR: 3415 (OH), 3300 (NH), 1462 (NCS); IH
NMR : 1.22 (s, 3H), 1.90 (brs, IH), 2.02 (dd, IH,
J=8, 12 Hz), 3.18 (dd, IH, J=9, 12 Hz), 3.66 (m,
2H), 4.60 (r-like, IH, J=8 Hz), 5.16 (brs, IH), 7.16
(m, 10H); FABMS: mJz 3 13 (M+Ht.
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